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Abstract

There are few conclusive studies on the usefulness of High-Flow Nasal Cannula (HFNC) Oxygen 
Therapy in patients with asthmatic crises. Objective: To determine the effectiveness of HFNC in chil-
dren older than 2 years of age that present severe and moderate asthmatic crises that do not respond 
to initial treatment. Patients and Method: Open controlled randomized clinical trial of patients with 
asthma exacerbation in the Pediatric Emergency Department. Infection- and comorbidity-media-
ted crises were excluded. Subjects were randomized as follows: Group 1 HFNC (n:32) and Group 2 
Conventional Oxygen Therapy (n:33). Both groups received the usual pharmacological treatment. 
The first cut-off point was the decrease of more than 2 points of the PIS after 2 hours of treatment; 
secondary points were PIS decrease at 6 hours, stay time in the Emergency Room, and PICU admis-
sion. Results: The patient’s baseline characteristics were similar in both groups. The proportion of 
subjects with more than two points decrease in the PIS after two hours of treatment in Group 1 was 
43.7% CI 95% (28-60) vs. Group 2 48.4%; CI 95% (32-64) p 0.447. The mean stay time was 24.8 ± 
12.3 hours in Group 1 vs. 24 ± 14.8 hours in Group 2; CI 95% (7.56-5.96) p 0.37. We did not find 
differences in the respiratory effort score measurements every 2 hours. No patients were admitted to 
intensive care. Conclusions: The incorporation of HFNC oxygen therapy in the treatment of patients 
with asthmatic crises in the Pediatric Emergency Department did not show clinical benefits nor did 
it diminish the stay time.
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Introduction

Asthma is a chronic airway disease characterized by 
coughing, wheezing, and shortness of breath, which is 
usually reversible, and, in some cases, it appears as a 
severe clinical picture1,2. 

Acute asthma exacerbations, which usually occur 
as a reaction to the exposure to an external agent and/
or poor adherence to treatment, are very common re-
asons for visiting the emergency departments (ED). 
Also, severe exacerbations may occur in patients with 
mild or well-controlled asthma3.

The main initial treatments include repeated ad-
ministration of short-acting bronchodilators inhalers, 
early administration of systemic corticosteroids, and 
controlled oxygen administration4,5. 

The standard therapy with β2-agonists, anticholi-
nergics, oxygen, and systemic corticosteroids may fail 
to reverse airflow obstruction in children with severe 
exacerbations, requiring adjuvant therapies2,6. 

The high flow oxygen system is a form of oxygen 
support that has been established in recent years as an 
alternative to non-invasive ventilation (NIV) therapy 
in patients with moderate and severe respiratory fai-
lure7. 

The high flow nasal cannula (HFNC) therapy was 
originally described as a type of respiratory support for 
preterm newborns and it is now increasingly used in 
the treatment of acute respiratory failure in older in-
fants and children8,9. It consists of providing O2 above 
the patient’s peak inspiratory flow rate through a na-
sal cannula10. The gas is heated and humidified to best 
match body temperature which clears the nasopharyn-
geal dead space, generates mucociliary clearance, po-
sitive airway pressure and, consequently, a decrease in 
breathing work11,12. It is an effective and safe treatment 
for acute respiratory events in the pediatric popula-
tion13, however, there are few studies on its application 
in asthma attacks14. 

The objective of this study was to determine the 
effectiveness of the HFNC oxygen therapy in children 
older than 2 years with moderate asthma attacks that 
do not respond to initial treatment and in case of seve-
re attacks, determined by the improvement in the cli-
nical respiratory score. Secondary objectives were the 
decrease in the stay length in the Pediatric Emergency 
Department (PED) and the need for hospitalization in 
the Pediatric Intensive Care Unit (PICU).

Patients and Method

Open-label randomized controlled trial. The study 
was conducted in the Emergency Department (ED) of 
a tertiary pediatric hospital from the network of the 

Ministry of Public Health and the Ministry of Social 
Development and Family that takes care of 110,000 
children and adolescents per year. Patients older than 
2 years with moderate asthma attacks that did not res-
pond to initial treatment and those patients with seve-
re asthma attack at admission were included.

Asthma attacks were defined as patients older than 
2 years with history of 2 or more wheezing episodes 
treated with β2-agonists who went to the PED presen-
ting an acute exacerbation, defined as a worsening of 
asthmatic symptoms with an increase in respiratory 
distress, or a first episode in children with history of 
atopy15,16. The Pulmonary Index Score (PIS) was used 
to determine the attack severity which assesses five 
items: respiratory frequency, oxygen saturation, inspi-
ration-expiration ratio, wheezes presence, and use of 
accessory muscles. Severe asthma attacks were consi-
dered as those patients with a PIS score > 11 and mo-
derate asthma attacks those with a PIS score between 
7 and 11.

Initial treatment in moderate attack contains in-
haled salbutamol and oral prednisone. The salbuta-
mol dose was calculated according to the formula: 
puff number = patient weight/3, using a maximum 
dose of 1 mg (1 puff: 100 micrograms) in three cycles 
every 15 minutes,  and oral prednisone 2 mg/kg, with 
a maximum dose of 60 mg17. When there was no 
decrease or when increasing in PIS score after drug 
administration, it was considered as non-response to 
treatment.

Patients with a severe attack were included in the 
study without receiving prior treatment in the ED. All 
patients had to have a Glasgow greater than 14.

Patients that present the following criteria were 
excluded: fever (Tº≥ 38ºC) at admission or during 
treatment, a medical picture compatible with clinically 
suspected bacterial respiratory infection, those using 
antibiotics at the time of consultation, and those with 
comorbidities (cystic fibrosis, congenital heart disease, 
neuromuscular disorders, and immunodeficiency).

Once parents or guardians signed informed con-
sent, patients who met the inclusion criteria randomly 
receive one of the two treatments, the HFNC therapy 
(study group) or conventional oxygen therapy (con-
trol group). The envelopes containing the treatment 
assignment were sequentially-numbered, sealed, and 
opaque.

All patients included in the study received parente-
ral hydration and continuous nebulization of salbuta-
mol with nebulizer solution (1 ml/5 mg) diluted in 14 
ml of saline solution for one hour. Patients weighing up 
to 20 kg received 40 drops (10 mg) and those weighing 
more than 20 kg 80 drops (20 mg). Also, the patients 
received intravenous dexamethasone at 0.6 mg/kg (12 
mg maximum dose) and magnesium sulfate by intra-
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Figure 1. number of children 
who were evaluated, assigned 
to a group and included in the 
analysis

venous drip infusion at 200 mg/kg for 4 hours (50mg/
kg/hs), (8 gm maximum dose).

According to randomization, the study group re-
ceived HFNC therapy, using AIRVOTM and AIRVOTM 
2 systems (Fisher & Paykel Healthcare), and the Opti-
flowTM nasal cannula (Fisher & Paykel Healthcare) sui-
table for the systems’ flow. An initial flow of 1 l/kg was 
administered with a gradual increase up to 2 l/kg un-
til obtaining a saturation between 93% and 98%. The 
control group received oxygen therapy through a sim-
ple nasal cannula, simple face mask or non-rebreather 
mask as needed to reach a 93% of saturation.

Demographic variables, nutritional status (Z sco-
re according to WHO Anthro), history of previous 
attacks, and treatment for inter-attacks periods were 
studied. A time-register form was used for recording 
PIS score, respiratory rate, oxygen saturation, inspira-
tion-expiration ratio, presence or absence of wheezing, 
accessory muscles use, and the presence of adverse 
effects.

Stopping HFNC therapy was indicated when the 
patient presents a PIS score ≤ 6 and was discharged 
from the PED with a PIS score ≤ 5 without O2 require-
ment. The assessment to determine the attack severity 
and the time improvement in hours was carried out by 
resident physicians trained for this purpose. The first 
cut-off point was the PIS score decrease in more than 
2 points at 2 hours of treatment initiation and the se-
condary cut-off points were the PIS score decrease at 
6 hours of treatment initiation, the time of stay in the 
ED, and the admission to the PICU in the study group. 

The withdrawal of the HFNC system occurred when 
the patient presents a score ≤ 6 and was discharged 
from the PED with a PIS score ≤ 5.

For calculating the sample size, the first cut-off 
point was considered, using the Student’s t-test for a 
magnitude of the analyzed effect of 0.80, with a 0.05 
bilateral alpha and a 0.10 beta. 34 patients were nee-
ded in each group and 74 patients were recruited con-
sidering a 10% loss of patients. The data were analyzed 
with the SPSS software, and the relationship between 
the type of oxygen therapy and clinical improvement 
was obtained using Pearson’s chi-square test. Results 
were expressed in OR with their confidence intervals. 
The relationship among quantitative variables was de-
termined through the Student’s t-test or the Mann-
Whitney U test, depending on whether they are or not 
of normal distribution. The ethics committee of the 
hospital approved the protocol with informed con-
sent.

Results

Between April 1 and November 30, 2017, 284 pa-
tients with asthma attacks were admitted, of which 74 
met the inclusion criteria. 9 patients were excluded, 3 
patients due to receive a different treatment than the 
protocolized one, and 6 ones due to present fever du-
ring treatment. 32 patients were included in the HFNC 
Group and 33 patients in the Control Group (Figure 
1).
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Demographic characteristics, nutritional status 
according to z-score, previous attack percentage, and 
treatment for inter-attack periods were similar in both 
groups (Table 1). Table 2 shows that the PIS score, res-
piratory effort score, respiratory rate, and oxygen satu-
ration at admission did not differ either.

There were no significant differences when compa-
ring groups at 2 and 6 hours after treatment started 
(table 2), nor in the proportion of subjects with a de-
crease of more than two points in the PIS score at 2 
hours of starting the treatment (Table 3).

There were no differences in PIS score, respiratory 

Table 1. Baseline characteristics of the HFNC and Control groups

Variables HFnc
n (32)

control
n (33)

p

age                                           median (range) 5 (2-14) 4 (2-14) 0.537*

Sex                                            n (%)
Female 22 (68.8) 17 (51.5) 0.156**
Male 10 (31.3) 16 (48.5)

Previous crisis                            n (%) 30 (93.8) 33 (100) 1****

Maintenance treatment             n (%) 13 (40.6) 15 (45.4) 0.694**

Z Score                                      mean (SD) 0.45 ± 1.12 0.70 ± 1.53 0.457***

respiratory rate at admission     mean (SD) 43.8 ± 10.56 46.3 ± 11.62 0.515***

Saturation of O2 at admission    median (range) 91 (82-99) 92 (80-98) 0.659*

*Man Whitney; **Chi cuadrado; ***T student; ****Test exacto Fisher.
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Table 3. Length of stay and proportion of subjects with a decrease of more than two points in the PIS score at 2 
hours of starting the treatment

Variables HFnc
n (32)

control
n (33)

p

mean (SD) mean (SD)

length of stay (hours) 24.8 ± 12.3 24.09 ± 14.8 0.598*

n  (%)        CI 95% n  (%)       CI 95%

Decrease > 2 points in the PiS at 2 hours 14  (43.7)      (28-60) 16 (48.4)       (32-64) 0.447

complications 0 0 ns

admitted to intensive care 0 0 ns

*Man Whitney.

Table 2. Comparison between groups 2 and 6 hours after starting treatment

Variables HFnc 
n (32)

control 
n (33)

p

mean (SD) mean (SD)

Score 2 hs 8.69 ± 1.46 8.55 ± 1.66 0.616*
6 hs 7.22 ± 1.66 7.06 ± 1.76 0.529*

respiratory effort score 2 hs 2.34 ± 0.60 2.21 ± 0.59 0.370*
6 hs 2.00 ± 0.56 1.87 ± 0.73 0.516*

respiratory rate 2 hs 38.6 ± 10.5 39.0 ± 9.80 0.572*
6 hs 32.0 ± 7.90 35.1 ± 7.90 0.098*

median (range) median (range)

Oxygen saturation 2 hs 97 (82-99) 96 (89-100) 0.926**
6 hs 97 (88-99) 96 (85-100) 0.735**

*t Student. **U Mann Whitney.
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Figure 2. A) Variation of the Score (PiS), B) comparison of the respiratory effort Score, C) Variation of the respiratory rate, D) O2 Saturation 
Measurements.
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effort score, respiratory rate, and oxygen saturation in 
measurements recorded from admission every 2 hours 
to discharge or the first 24 hours (Figure 2). The mean 
length of stay was 24.8 ± 12.3 hours in Group 1 vs 24 ± 
14.8 hours in Group 2; 95%CI (7.56-5.96) p 0.598. No 
patients were admitted to intensive care or presented 
associated complications.

Discussion

The HFNC oxygen therapy associated with phar-
macological therapy of moderate to severe asthma 
attacks was not effective in lowering the PIS score at 
2 and 6 hours of treatment initiation. Although its use 
did not add complications or adverse effects, it did not 
present benefits considering that it is a more expensive 
therapy than the conventional one.

There is a lack of literature on the use of HFNC 
in children with asthma. The 2014 Cochrane annual 
review concluded that there is not enough evidence 
to recommend the use of HFNC in pediatric respira-
tory diseases due to the paucity of randomized clinical 
studies18. However, other authors have recently found 
beneficial effects on asthmatic patients16,19-21. This limi-

ted evidences motivated our interest to carry out this 
study.

In an observational cohort study published in 2017 
conducted in the PICU of two Spanish healthcare cen-
ters, where they compare the HFNC therapy with the 
NIV in children with severe acute asthma exacerba-
tion, showed that the HFNC failed more than NIV20. 
We analyzed patients in a very different setting such 
as the PED.

Most studies did not report adverse effects in chil-
dren treated with the HFNC oxygen therapy and con-
cluded that its use is safe in a general pediatric ward, in 
the ED as well as in PICU9. Among the possible com-
plications described are atelectasis, nasal septal injury, 
and pneumothorax. These complications may lead to 
the need for other forms of respiratory support22. 

In a pilot study of the high flow oxygen therapy 
use in the ED in children with asthma published in Ja-
nuary 2017, there was a decrease in respiratory effort 
at 2 hours of high flow oxygen therapy, however, it did 
not demonstrate that the HFNC is better than conven-
tional oxygen therapy regarding duration of respira-
tory support, and stay at PICU and in the hospitali-
zation ward. The lower age of the children analyzed in 
Ballestero’s study could mean a greater possibility of 
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overlapping pathologies such as bronchiolitis or viral-
induced wheeze16. Several studies found a decrease in 
orotracheal intubation and admission to PICU in pe-
diatric patients with respiratory failure, mainly bron-
chiolitis, after starting the HFNC therapy23-26. 

Our patients presented a similar clinical impro-
vement in both groups, they did not present compli-
cations due to the use of the HFNC and none of the 
patients of any group required admission to PICU. The 
stay at the PED was similar, and all were discharged 
from the PED.

Part of the protocol of our PED is the use of Mag-
nesium Sulfate through intravenous continuous drip 
infusion for 4 hours in severe and moderate attacks 
that do not respond to bronchodilator inhalers or the 
initial corticosteroid therapy. All patients analyzed re-
ceived high doses of Magnesium Sulfate in continuous 
drip infusion. The early use of a prolonged infusion of 
magnesium sulfate in high doses (50 mg/kg/hr/4 hr) 
for non-infection related asthma attack, accelerates 
discharges from the ED with a significant reduction 
in medical care costs27. This intravenous bronchodila-
tor therapy could have overlapped some benefit of the 
HFNC therapy demonstrated in other works such as 
that of Morosini et al21. 

This study has several limitations. It was carried 
out in a single hospital center thus it could not be ex-
trapolated to other populations. Since it is an open-
label study, the doctors knew the intervention which 
could limit its validity, however, the statistical team 
was blinded. We do not use Ipratropium in modera-
te attacks that might have added some benefit in the 
initial treatment, and no hemodynamic variables were 
compared so we do not know if there would be benefits 
in these parameters.

Conclusion

Adding the HFNC oxygen therapy to the treatment 
of severe and moderate asthmatic patients who did not 

respond to the initial therapy did not present clinical 
benefits or reduce the length of stay.

We think that in respiratory disease outbreaks, it 
would be reasonable for now to optimize the use of 
high flow equipment in other causes of respiratory 
distress, such as severe bronchiolitis, with greater evi-
dence of its benefits, considering costs and equipment 
availability.

A large randomized controlled multicenter trial is 
needed to confirm whether or not the HFNC therapy 
is effective in patients with severe-moderate asthma 
attacks in PED.
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